Abstract -The objective of this work was to evaluate the visual and chemical quality of tangerines after mechanical damage by impacts. The tangerine cultivars Montenegrina and Rainha were submitted to different degrees of impact and evaluated for decay and oleocellosis, loss of fresh weight, total soluble solids, total titratable acidity and ascorbic acid degradation, as well as for epicarp color changes. Experiments with three replicates and experimental units of six fruit for each cultivar were done in a completely randomized design. Impact produced qualitative internal and minor external changes on tangerines. The main modifi cations produced by impact on the fruit were losses of citric acid and soluble solids, which increased the solid:acid ratio, and losses of ascorbic acid. 'Montenegrina' tangerines are more susceptible to internal quality damage than 'Rainha'.
Introduction
Brazil is the world's largest producer of citrus fruit, with 20 million megagrams per year (Instituto FNP, 2008) . According to Pio et al. (2005) , tangerines and their hybrids are highly susceptible to injuries due to harvest and post harvest handling and transportation, and these injuries serve as an entrance to pathogens.
From production to consumption, horticultural products are prone to the action of static and dynamic forces during the operations and to processing to which they are submitted (Couto et al., 2002) . Mechanical damage is extremely common during fruit handling, and is defi ned as plastic deformation, superfi cial rupture and destruction of vegetable tissue due to external forces (Sanches et al., 2008) . The effects of mechanical injury in citrus fruit are not always as evident as they are in other species. In apples and similar fruit, tissue oxidation shows the injury, and the fruit loss is almost immediate. Therefore, there is less concern in citrus fruit handling to avoid mechanical damage to fruit.
Physical impact is of the most common cause of mechanical damage. According to Vignealt et al. (2002) impacts are transitory movements caused by sudden acceleration or deceleration causing great dissipation of energy and consequent damage to the fruit. During packing, fruit and vegetables are more exposed to impact and vibration than to compression forces (Garcia et al., 1988) . Pesq. agropec. bras., Brasília, v.44, n.12, p.1636 -1640 , dez. 2009 Some of the effects of mechanical damage are related to internal quality loss with fl avor and nutritional modifi cation, as reported by Durigan et al. (2005) for 'Tahiti' limes. For other fruit, such as tomato, guava, mango and peach, research shows loss of acid content during mechanical stress (Moretti et al., 1998; Mattiuz & Durigan, 2001; Durigan et al., 2005; Kasat et al., 2007) . Loss of vitamin C has also been reported for tomato (Moretti, 1999) . External modifi cation is more common on fruit that show oxidation of the pulp, like apple or peach, but can also occur on the rind of citric species with the rupture of oil glands and the development of oleocelloses (Fischer et al., 2007) .
The objective of this work was to evaluate the visual and chemical quality of tangerines after mechanical damage by impacts. Tissue responses to varying degrees of impact were assessed as well, to understand responses of citrus fruit to mechanical stress.
Materials and Methods
'Montenegrina' and 'Rainha' tangerines were harvested from private groves and transported by car on the same day to the postharvest laboratory located at Departamento de Horticultura in Porto Alegre, RS, Brazil. The harvested tangerines were submitted to different degrees of impact by letting the fruit fall from 40, 60, 80 or 100-cm heights. Each fruit was dropped twice from the same height onto a rigid ceramic surface. There were three replicates, with six fruits for each experimental unit for each cultivar, in a completely randomized design.
After the treatments, the fruit were maintained at room temperature (20±2°C) for seven days and were then analyzed for weight loss, rot and oleocelloses incidence, total titratable acidity (TA), total soluble solids (TSS), ascorbic acid content and external color by the methods described below. All six fruit of each replicate were used to obtain weight loss, rot and oleocelloses incidence. For color assessment, three readings were obtained per fruit on opposite equatorial regions of three fruit.
At the last day of the experiment, five fruit of each replicate were used to obtain the juice for the chemical analyses, which were replicated twice for each sample. The TA was determined in percentage of citric acid, by titration of 10 mL of juice diluted in 90 mL distilled water with NaOH 0.1 N until pH 8.1 by the method no. 942.15 (AOAC International, 2002) . TSS was determined with a pocket refractometer (Atago, Pal-1, Tokio, Japan), and the readings were corrected for 20°C, according to the method no. 932.12 (AOAC International, 2002) . Fresh weight loss was determined by mass difference at the beggining and end of the experiment and expressed as percentage of the initial fruit mass.
Epicarp color of the equatorial areas of the tangerines was determined with a Konica/Minolta colorimeter, model CR400 (Mahwah, NJ, USA). The results of the L* (luminosity), a* and b* color parameters were accessed through three readings and used to obtain the hue and chroma values, which are indicators of color modification and vividness respectively. Both values were calculated by the following equations: Chroma = (a 2 + b 2 ) 1/2 ; Hue = [arcotang (a,b) x 180]/π (Minolta, 1993) .
Decay was determined as the number of fruit with visible symptoms of pathogens -by visual observation of green or blue Penicillium sp. molds -and expressed as percentage of rotten fruit of six fruit. Oleocellosis was assessed by the number of fruit with visible symptoms of epicarp color alterations and with characteristic depressions in the rind. Oleocellosis incidence was expressed in percentage of fruit with symptoms of the disorder.
Ascorbic acid contents was determined as L-ascorbic acid via photocolorimetric reaction with 2,6-diclorofenol indofenol dye. A 2-mL sample of citrus fruit juice was diluted in 100 mL of oxalic acid (4:1,000) and filtered through Whatman filter paper grade 1; 1.1 mL of EDTA (0.1 mol L -1 ) was added to stabilize the ascorbic acid. A 10-mL aliquot of this extract was mixed with 3 mL sodium citrate buffer (pH 4.5) (Fernandez et al., 2007; Kechinski, 2007) . A 1.5-mL aliquot of the final extract was then added to 1.5 mL of the dye solution and mixed in a disposable polystyrene cuvette. Sample absorbance was read at 530 nm on a UV-VIS spectrophotometer (model T6, PG Instruments, London, UK).
Data were submitted to ANOVA and to regression analysis. When significant, averages were compared by Duncan's multiple range test at 5% of probability. To run the statistical analysis, the SAS program (SAS Institute, 2004) was used.
Results and Discussion
Impact treatments on tangerines did not enhance the incidence of decay in 'Montenegrina' and 'Rainha' tangerines. Averages of fresh weight loss did not differ from the control by variance analysis, but increases in fresh weight losses are explained by the treatment intensity only for 'Rainha' tangerines (Figure 1 A) . Responses in terms of fresh weight loss vary according to the species and conditions studied. Kasat et al. (2007) observed that impact increased weight loss in 'Aurora-1' peaches. Sanches et al. (2008) did not fi nd response for increase in fresh weight loss of avocados in impact treatments. Studies with 'Tahiti' lime show cuts as the most harmful damage concerning weight loss, followed by impact and compression (Durigan et al., 2005) .
Total titratable acidity of tangerine cultivar Montenegrina was signifi cantly affected by impact treatments (Figure 1 B) . Titratable acidity varied according to the drop height applied. The reductions were of up to 24% for 'Montenegrina'. Soluble solids Figure 1 . Regression equation for A, fresh weight loss; B, titratable acidity (TA); C, total soluble solids (TSS); D, ratio TSS/TA; and E, ascorbic acid of tangerines 'Montenegrina' () and 'Rainha' (∆) submitted to impact drops (cm). **Signifi cant at 1% probability. also decreased for 'Montenegrina' tangerines, whereas for 'Rainha' there was no signifi cant response.
The ratio between total soluble solids and acids increases with the increase in drop heights, especially for 'Montenegrina' tangerines (Figure 1 D) . This result is associated with the reduction in the acid content showed above. Increases in ratio values indicate that the tangerines are more senescent with noteworthy fl avor modifi cations (Mattiuz et al., 2003) . According to these authors, fruit becomes less tasty because of sugar accumulation or acid reduction or both, and acquire an overripe fl avor.
Impact signifi cantly reduced soluble solids and titratable acidity of 'Tahiti' limes, refl ecting the effect of stress on the fruit (Durigan et al., 2005) . Similar results were found by Mattiuz & Durigan (2001) working with guava, by Sanches et al. (2008) for avocado, and by Moretti et al. (1999) for tomato. According to Sanches et al. (2008) , the reduction of soluble solids can be explained by the use of these elements as a source of energy. Acids are also a great energy source for the oxidation process in the Krebs cycle (Kays, 1991) . Organic acids are usually reduced with maturation due to respiration and are converted into sugar (Mattiuz et al., 2003) . Plant organs submitted to vibration or mechanical damage usually increase their respiration rates in comparison to uninjured controls (Pisarczyk, 1982; Salveit & Locy, 1982; Mao et al., 1995) . Therefore, the impact treatments tested here could be accelerating the oxidation of acids by the enhancing respiration. More research on the response of respiration to mechanical damage, in this species, is necessary to prove this hypothesis.
Ascorbic acid content varied with the mechanical damage applied (Figure 1 E) . Reductions of 35 and 24% in vitamin C were found for 'Montenegrina' and 'Rainha' tangerines respectively. Durigan et al. (2005) found a decrease of approximately 6% of vitamin C in 'Tahiti' limes submitted to impact. According to these authors, neither compression nor cuts affected vitamin C contents. In tomato, a decrease of 17% in vitamin C was determined in injured fruit (Moretti et al., 1999) . The author concluded that injured tomato tissues had smaller amounts of organic acids and vitamin C, and that the locular tissue was the most affected by impact.
According to Nagy (1980) most of the ascorbic acid is lost after harvest due to aerobic reactions. In fruit endocarp, the enzymatic break down is smaller because of the lower enzyme concentration, especially of poliphenol oxidases. Silva et al. (2006) , studying the effect of processing on vitamin C contents in orange juice, concluded that stirring the juice signifi cantly reduced the amounts of the vitamin, demonstrating that not only thermal processing, but also mechanical agitation can infl uence the nutritional value of processed fruit products. During juice homogenization there is oxygen incorporation with oxidation of the vitamin C. In the present study, fruit injured by impact possibly had rupture of internal tissues, which may have caused the exposure of the ascorbic acid to oxygen, accelerating degradation.
Color of the epidermis was not affected by impact, except for 'Montenegrina' tangerines, where hue values differed slightly from the control in the 40 and 60-cm drop treatments (Table 1) . No clear tendency for color change with impact was detected, since the other treatments did not show any major modifi cation in color, and the fruit did not show any visually perceptible color alteration.
According to Fischer et al. (2009) there is a positive correlation between impact during processing and the incidence of oleocelloses in 'Valencia' fruits (r = 0.97). There was no visual symptom of oleocellosis on the tangerines studied here. When oleocellosis takes place there is usually color modifi cation associated to physiologic stress.
The lack of signifi cant visual modifi cations in the tangerines submitted to impact suggests that citrus fruit are more resistant to mechanical stress. However, the present experiments provide evidence that tangerines of the Montenegrina and Rainha cultivars, despite not showing visible external modifi cations, lose important internal quality attributes. As for the two cultivars evaluated, Montenegrina, with more response to impact, is more susceptible to mechanical damage.
Conclusions
1. The impact damages caused by dropping the fruit over rigid surfaces from heights of up to 100 cm do not induce perceptible color changes on the rinds of 'Montenegrina' and 'Rainha' tangerines.
2. Impacts trigger internal qualitative changes in the fruits of 'Montenegrina' and 'Rainha' tangerines, with signifi cant losses of ascorbic acid contents and increases in the sugar:acid ratio.
3. Fruits of 'Montenegrina' tangerines are more susceptible to internal quality losses than 'Rainha' tangerines.
